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Abstract 
Monoazo acid dyes containing benzophenone groups were synthesized by the diazo-coupling process and applied to 
the dyeing of silk as UV radiation protective dyes. The structures of dyes were confirmed by MS and 1H-NMR. The 
results showed that the exhaustion reached over 85%, the T(UVA) and T(UVB) were 3.3% and 3.4%, respectively. 
The silks dyed with these dyes had very good ultraviolet radiation protection capability. 
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1. Introduction 
Large doses of UV-radiation is harmful to human skin, because it can cause sunburn, skin damage and 
skin cancer [1–4]. So many UV-absorbers were developed to decrease the harm of UV-radiation, such as 2-
(2-hydroxyaryl)benzotriazoles, 2-(2-hydroxyaryl)-1,3,5-triazines and 2,4-dihydroxybenzophenone. The 
UV-absorber can effectively absorb ultraviolet radiation with the characteristic of high-energy, and 
transform it into harmless heat [5-7]. In recent researches, the dyes containing UV-absorber groups were 
also synthesized and applied to the dyeing of fibre for improving the UV radiation protection of fabrics 
[8,9]. However, most researchers focused on the synthesis of disperse [10-12] and reactive [13,14] dyes 
containing UV-absorber groups, rarely attention has been paid to acid dye, which was important for the 
UV radiation protection of silk. 
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In this paper, one kind of monoazo acid dyes based on 2-hydroxy-4-methoxybenzophenone was 
designed and synthesized by the diazo-coupling reaction (Scheme 1). In the structures of the dyes, 2-
hydroxy-4-methoxybenzophenone was used as coupling component, which directly formed conjugate 
system with diazo component. So the synthesis route was very simply and convenient, and the dyes might 
provide very good protection against UV radiation on silk. 
 
Scheme 1 Synthesis of monoazo acid dyes containing benzophenone group. 
2. Experimental 
2.1. Materials 
2-Hydroxy-4-methoxybenzophenone, 4-aminobenzene sulfonic acid, 3-aminobenzene sulfonic acid and 
2-amino-1, 4-benzenedisulphonic acid monosodium salt were purchased from China National Medicines 
Corporation Ltd. Other reagents were commercial analytical grade and used as received. 
1H NMR spectra were recorded employing a Varian INOVA 400 NMR spectrometer at 400 MHz, 
using solutions of the compounds in 0.5 mL of DMSO-d6 containing TMS (tetramethylsilane) as the 
internal standard. High resolution mass spectra were recorded on HPLC/Q-Tof MS spectrometer. UV-
visible spectra were obtained using a HP-8453 UV/Visible spectrophotometer. 
2.2.  Synthesis of monoazo acid dyes 
To a 100 mL beaker, 4-aminobenzene sulfonic acid (1.73 g, 10 mmol) and 20 mL H2O were added, and 
the pH value of the mixture was adjusted to 7~8 by the 10% (wt/wt) aqueous solution of sodium 
carbonate, then sodium nitrite (0.70g, 10.1 mmol) was added. The solution was cooled to 0 ºC with an ice 
bath and poured quickly to the solution containing 3 mL hydrochloric acid and stirred vigorously. The 
nitrous acid was checked by using starch-iodide paper. When diazotization was complete, the excess 
nitrous acid was decomposed with urea.  
A mixture of 2-hydroxy-4-methoxybenzophenone (10 mmol), 1% aqueous sodium hydroxide (10 mL) 
and 10 mL H2O was stirred until the 2-hydroxy-4-methoxybenzophenone was completely dissolved, the 
mixture temperature was cooled to 0~5oC. The above diazonium salt solution of 4-aminobenzene sulfonic 
acid was slowly added dropwise to the coupling component during 0.5h, at the same time, the pH value 
was kept between 8.5~9. The reaction mixture was stirred for 2 h, the pH value of the mixture was 
adjusted to 2~3 by the 10% (wt/wt) aqueous solution of HCl, filtered, and the yellow filter cake was 
purified by DMF-ether to give dye 1, yield 88.1%. 1H NMR (400 MHz, DMSO-d6): δ= 11.87 (s, 1H, OH), 
7.81 (s, 1H,CH), 7.77-7.79 (d, 2H, CH), 7.72-7.74 (d, 4H, CH), 7.65-7.69 (t, 1H, CH), 7.55-7.59 (t, 2H, 
CH), 7.68 (s, 1H, CH), 4.06 (s, 3H, CH). Q-TOFMS: C20H16N2O6S [(M-H)-1] calculated, m/z=411.0729, 
measured: m/z=410.8628. 
Dye 2 was synthesised and purified according to the procedures described before, yield 86.3%. 1H 
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NMR (400 MHz, DMSO-d6): δ= 11.91 (s, 1H, OH), 7.94-7.96 (d, 1H, CH), 7.81 (s, 1H, CH), 7.74-7.77 
(m, 2H, CH), 7.72 (s, 1H, CH), 7.64-7.68 (t, 1H, CH), 7.56-7.58 (d, 2H, CH), 7.54-7.55 (d, 1H, CH), 
7.50-7.52 (d, 1H, CH), 6.09 (s, 1H, CH), 4.07 (s, 3H, CH). Q-TOFMS: C20H16N2O6S [(M-H)-1] calculated, 
m/z=411.0726, measured: m/z=410.9934. 
Dye 3 was synthesised and purified according to the procedures described before, yield 70.7%. 1H 
NMR (400 MHz, DMSO-d6): δ= 7.75-7.77 (t, 4H, Ar-H), 7.60-7.65 (m, 2H, Ar-H), 7.51-7.54 (t, 3H, Ar-
H), 6.55 (s, 1H, Ar-H), 4.03 (s, 3H, CH). Q-TOFMS: C20H16N2O9S2 [(M-2H/2)-1] calculated, 
m/z=245.0149, measured: m/z=244.9473. 
2.3. Dye bath preparation and dyeing of silk 
The dye solution was obtained by dissolving the dye in deionized water to the required concentrations, 
and the pH of the dye solutions was adjusted to the required values with 10% sulfuric acid. Then the silk 
(0.50 g) was dipped in the dye solution, and the temperature was increased to 90 ºC. After 60min, the silk 
samples were withdrawn. The percentage of dyebath exhaustion achieved for each dye was calculated 
from the following formula (Eq. (1)) [15]:
E=(C1-C2)·100%/C1                                                                                                                       (1) 
where: E- the degree of dye exhaustion from the dyebath, in percent, 
C1 , C2 - the concentration of the dye before and after dyeing, respectively. 
3. Results and discussion 
3.1. Spectral properties of dyes 
The λmax and molar extinction coefficients (ε) are very important parameters for dyes [16,17]. A  broad 
absorption curves in the range of 280~420nm makes the product effective protection against UV radiation. 
The UV-visible spectra of dyes 1-3 were showed in Fig. 1 and the absorption data were summarized in 
Table 1. The results showed that the dyes 1-3 have broad absorb range of 280~420nm, which had very 
good ultraviolet radiation protection capability. While the molar extinction coefficients reached about 
13000 L/(mol·cm), which makes the product more cost-effective. 
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Fig. 1. UV-visible spectra of dyes 1-3 (in water). 
Table 1. UV-visible spectra of dyes 1-3* 
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Dye λmax1/nm ε1/ L/(mol·cm) λmax2/nm ε2/ L/(mol·cm) λmax3/nm ε3/ L/(mol·cm) 
Dye 1 282  13386 385 13510 457  14129 
Dye 2 286 15552 382 11717 446 11907 
Dye 3 285 8205 386 8386 437 10003 
* The solution is H2O. 
3.2. Dyeing properties of dyes on silk 
Fig. 2 showed the effect of pH on the exhaustion of the dyes 1-3 onto silk. The data in Fig. 2 indicated 
that the exhaustion of Dye 1-2 on silk increased when the pH value of dyeing bath was decreased to 2.0. 
This is because that the increase in the protonation of the amino (-NH2) groups of amino acids in the silk 
protein [13]. So the dyes 1 and 2 were easily absorbed on the silk by salt bonds between dye and silk. 
However, the optimum dyeing pH of Dye 3 was 1.0, this reason was that Dye 3 with relatively small 
molecular weight showed good water solubility due to containing two sulfonic acid groups, as compared 
to the dyes 1 and 2. 
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Fig. 2. Effect of pH on the adsorption of Dye 3 onto silk. 
The exhaustion of the dyes 1-3 at different initial dye concentrations onto silk was also investigated, 
and the results were shown in Fig. 3. From the results in Fig. 3, with the concentration of dye increasing, 
the exhaustion % of the dyes 1 and 2 slightly decreased, but the effect of the concentration was not 
obvious. The exhaustion % of the dye 3 containing two sulfonic acid groups significantly decreased due 
to good water solubility. 
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Fig. 3. Effect of initial dye concentrations of Dye 3 onto silk (The pH of the dye 3 bath was 1.0, others were 2.0. ). 
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3.3. UV radiation protection performance of the dyes 1-3 on silk 
To investigate the UV-protective properties of the dyes 1-3, the ultraviolet transmittance spectra of the 
un-dyed silk fabrics and the dyed silk fabrics were compared. The ultraviolet protection capability of the 
dyed silk was evaluated according to GB/T 18830-2002 [3]. The ultraviolet transmittance spectra of the 
fabrics dyed with the dyes 1-3 were displayed in Fig. 4, respectively. As can be seen, there was a 
significantly difference in the ultraviolet transmittance spectra of the dyed silk fabrics and un-dyed silk 
fabrics. The un-dyed silk fabric had a high ultraviolet transmittance which was about 45% in UV-A band 
and about 23% in UV-B band. This indicates that the resistance of un-dyed silk fabric to ultraviolet ray 
was very poor. Conversely, the ultraviolet transmittance of the silk fabrics dyed with the dyes 1-3 
appeared to be lower than 3.4% (including the UV-B band and UV-A band). Generally, the UV-
protective properties of the fabrics would be evaluated as good when the ultraviolet transmittance was 
less than 5% [18]. Evidently, good UV-protective properties of the fabrics occurred when they were dyed 
with the dyes 1-3. 
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Fig. 4. Transmission spectra of the undyed and dyed silk. 
Table 2. Dyeing performances of the dyes 1-3 on silk and T(UVA), T(UVB), UPF of undyed and dyed silk*. 
Dye Exhaustion% Rub fastness T(UVA)% T(UVB)%  UPF 
Dry  Wet 
None (blank silk) / / / 45.4 23.0 3.3 
Dye 1 96.7 5 4-5 2.4 2.5 39.7 
Dye 2 95.9 5 4-5 2.2 2.3 43.7 
Dye 3 85.9 5 3 3.4 3.3 27.8 
* dyeing temperature 90 °C, time 60min, 3% owf, bath ratio=1:20. 
4. Conclusions 
The UV absorption dyes based on 2-hydroxy-4-methoxybenzophenone were designed and synthesized 
by the simple diazo-coupling process. The results showed that the exhaustion reached over 85% and the 
ultraviolet transmittance of the silk fabrics dyed with the dyes 1-3 appeared to be lower than 3.4% 
(including the UV-B band and UV-A band). Therefore, the dyes exhibited good dyeing performance for 
silk fabric, and the dyed silk showed good anti-UV radiation capability. 
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